Abstract: Fish diversity and distributions in 33 streams of the Amanos Mountains were investigated between December 2002 and November 2003. Some physical and chemical parameters, such as water temperature, dissolved oxygen, electrical conductivity, pH, and velocity of the streams were measured periodically at each site. The study area was grouped into three regions: AS (Asi Basin), IS (İskenderun Gulf) and CE (Ç evlik region). Fish abundance and Shannon Diversity Index were computed for each region. CE region was the poorest compared to the others in terms of fish abundance and diversity. A total of nine species in four families (Cyprinidae, Balitoridae, Anguillidae, Blenniidae) were recorded and all species collected were found to be indigenous. Capoeta barroisi (42.2%) and Garra rufa (33.3%) were the most common and abundant species and Salaria fluviatilis (0.4%), Carasobarbus luteus (0.9%), Anguilla anguilla (1.0%) and Alburnus sellal (1.2%) were the most rarely encountered species in the Amanos Mts. The endangered species Alburnus orontis is also rarely found. Fish diversity was greater in perennial streams (0.62) than in intermittent streams (0.27). There are many adverse human impacts on fish fauna in the Amanos Mountain streams; however, numbers of intermittent streams impose the greatest threat to fish in the Amanos Mts.
Introduction
The Amanos Mts, which are one of the most tectonic ranges in the world, possess a unique importance because of their geographical position. These mountains provide a bridge between the Taurus Mts, Lebanon Mts, and North Syrian Desert, and allow species belonging to this region to disperse among these areas (Boulos et al. 1994) . Although the importance of the mountains is well known (Erol 1963; Kehl 1998; Düzenli 2001) , there have not yet been extensive records of their fish richness and diversity. The streams in the southern and eastern part of the Amanos Mts drain into the Asi (Orontes) Basin and they are branches of the Asi River, which is the biggest river in that area. There are many old and new studies about the systematic and biogeographical aspects of fish fauna in the Asi Basin (Heckel 1843; Pellegrin 1911; Gruvel 1931; Ladiges 1960; Backman 1962; Banarescu & Nalbant 1964; Krupp & Schneider 1989; Coad 1995; Yalçın 1997; Ekmekçi & Banarescu 1998; Erk'akan et al. 1999; Yalçın-Ozdilek et al. 2003) . However, there is no separate record on fish species distribution in Amanos Mountain streams.
It has been postulated that environmental parameters, such as mean annual precipitation, discharge, turbidity (Coad 1996 (Coad , 2000 , acidity, temperature, salinity, conductivity, dissolved oxygen, and water velocity (Pires et al. 1999; Inoue & Nonukawa 2002; Petry et. al. 2003) affect the diversity and habitat structure of the species in any river. The fish diversity of a fluvial system is also influenced by anthropogenic factors, such as water abstraction, construction of roads, bridges, dams on the river, cobble and coarse sand extraction from the rivers, deforestation (Coad 1996 (Coad , 2000 , flooding and erosion (Inoue & Nonukawa 2002) . Being an easy source for dumping sewage and garbage, pollution is also one of the human-origin threats to the streams. Lack of precautions has resulted in the extinction or threat of becoming endangered of many freshwater fish species in the world. Primarily, the abundance and distribution of freshwater fish species, which are most under risk of extinction (Smith & Darwall 2005) , should be known in order to assess their conservation status.
The main goal of this study is to investigate fish species distribution and fish community structure in relation to major landscape and environmental features, including human impact, in a part of Amanos Mts.
Material and methods

Study area
The study focuses on the southwestern part of the Amanos Mts (35 • 48 -36 • 14 E; 36
• 08 -36 • 31 N), located in the southern part of Turkey. Mean annual precipitation is noted 428 E. Okur & Ş. Yalçın-Özdilek to be approximately 1100 mm. Mean annual precipitation is about 1700 mm above 1750 m elevation and sometimes reaches about 2300 mm above 900-1000 m a.s.l. However, the western foot of the mountains is one of the regions collecting more rain than other Mediterranean locations in Turkey, and there is no rain on the wind-driven sides (Kehl 1998) . The sampling area consisted of about 33 streams, which have a separate drainage region and tributaries. All streams were combined into three groups: First, 11 streams in a southeast direction that run into the Asi Basin (AS); second, 13 streams in a northwest direction that run into theİskenderun Gulf (IS); and lastly, 9 streams in a southwest direction that run into the Ç evlik region (CE) (Fig. 1) . The AS streams are first or second order streams of the Asi River and these streams have communicating drainages through common confluence to the Asi River; this drainage connection allows dispersal of fish among streams and permits re-establishment of depleted populations. CE region is a semi-arid area with low precipitation levels, characterized by a fragmented hydrographic network and many autonomous small basins. Each basin contains only one main stream channel. Most streams originate from mountainous springs that usually desiccate in the summer. These streams run through narrow mountain valleys, descend abruptly to the coast and have a small lowland section. As a result, they exhibit a flashy and erosive behavior and lack floodplains. Nineteen of the 33 streams are dry (from June to October) at least one season in a year. These streams have been termed "intermittent" streams and the 14 streams which were observed flowing throughout the whole year we have called "perennial" streams. A 78% proportion of CE region streams have intermittent flow.
In all streams taken into account for this study, most sampling sites were composed of coarse substrates. The average depth was between 30 and 50 cm in the segments studied. Some characteristics of sampling sites are summarized in Appendix 1.
Sample collection
Fish specimens were collected from streams in each season between December 2002 and November 2003. Each stream was covered four times (once in every season) if it was not dry (Appendix 1). The fish were sampled from the streams in 10 meter-patches by first blocking the upper and lower ends of each section with seines (1 mm mesh), and then using a two-person backpack electrofishing (220 V DC) apparatus. Three electrofishing passes of equal effort (about 30 minutes) in each patch including fishless streams were performed (Eros et al. 2003) . The samples were then fixed in 4% formalin (Barbour et al. 1999; Inoue & Nonukawa 2002) .
Analyses
The fish samples were identified (Kuru 1980; Geldiay & Balık 1996) and counted in order to calculate the abundance of species. The dissolved oxygen (mg L −1 ) and temperature (
• C) of the water samples were measured using a JANWAY 9071 DO meter. Conductivity (µS cm −1 ) of water samples was measured using a conductivity meter . Salinity (mg g −1 ) of water samples was measured using an oxygen meter (YSI 30 MODEL 30/ 25 FT) . The velocity of the water was recorded in the field according to Barbour et al. (1999) . Acidity of the samples was also measured, using a Merck Universal indicator pH 0-14 in the laboratory. 
Data analyses
The relative abundance of species was computed using the formula (Krebs 1989) : Relative abundance % = (ni/N ) · 100 where ni and N represent the number of individuals of the species in the sample and the total number of individuals of fish caught in the stream, respectively.
The abundance of fish and the Shannon Diversity Index (H') were used to calculate the biodiversity of each stream and region (Magurran 1988) .
The similarities between fish assemblage in streams were computed by using Jaccard's similarity coefficient Sj = a/(a + b + c) · 100; where a represents the number of species in samples A and B, b represents the number of species only in sample B (not in A), and c represents the number of species only in sample A (not in B) (Krebs 1989) .
Results
In total, 913 fish specimens were caught from 20 out of 33 streams in the Amanos Mts between December 2002 and November 2003. No fish were caught from 13 of the streams included in the survey. Non-fish streams were generally intermittent and most of specimens caught were from perennial streams (82.1% of all specimens) apart from Belen (1) and Akçay (17). Only 17.9% of all specimens were caught in intermittent streams. In total, nine rheophilic taxa, all indigenous, belonging to four families, were recorded: Alburnus orontis Sauvage, 1882, A. sellal Heckel, 1843, Garra rufa Relative abundance Capoeta barroisi (42.2%) and G. rufa (33.3%) are the most abundant species and are encountered both in perennial and intermittent streams. C. damascina (9.0%), O. tigris (7.4%) and the endangered A. orontis (4.6%) are abundant only in perennial streams. Salaria fluviatilis (0.4%), C. luteus (0.9%), A. anguilla (1.0%) and A. sellal (1.2%) were rarely encountered. Generally, the most common fish species were abundant in perennial streams; the scarce species C. luteus and A. sellal were abundant in intermittent streams (Table 1 ).
The relative abundance of fish was computed to be highest in the AS region (73.8%) and lowest in the CE region (0.3%) (Fig. 2) . The fish assemblage of the AS region was dominated by C. barroisi with a relative percentage of 48.5%; while that of the IS region was dominated by G. rufa with 45.8% (Appendix 1). Only migratory specimens of A. anguilla and S. fluviatilis were caught in the CE region. Higher numbers of A. anguilla samples were encountered in the IS region. Specimens of O. tigris were caught only in the AS region.
Hani (11.8%), Yıldırım (10.6%) and Tahtaköprü (9.4%) streams were rich with respect to their relative abundance of fish species in the AS region (Fig. 2) .
Samples of the endangered species A. orontis were caught mostly from the Yıldırım stream, and also from the Tahtaköprü and Büyükoba streams, in the AS region; but were also recorded in Gönen, Yukarızilli and Fındıklı streams in the IS region (Fig. 3) .
A. sellal specimens were caught from only the IS region streams and members of O. tigris were caught from only the AS region streams (Fig. 3) .
Species diversity
The Shannon diversity index of all examined streams combined was computed to be 0.63. The species diversity of streams showed a variation between 0.25 and 0.65. Fish diversity was highest in the Gönen and Yıldırım streams in the IS and AS regions, respectively (Fig. 2, Table 1 ). Contrary to fish abundance, fish species diversity in the IS region streams (0.62) was higher than that in the AS region streams (0.57). Fındıklı, Yukarı Zilli, Arsuz and Külekçi streams in the IS region, and Tahtaköprü Stream in the AS region, also had a high fish diversity index. Similar to its fish abundance, the CE region had the lowest fish diversity index. Many streams in this region are intermittent (seven out of nine), implying that the low diversity results from the low number of perennial streams. Altogether, the fish diversity index of perennial streams was calculated as 0.62 and the fish diversity index of intermittent streams was computed as 0.27.
Similarities of fish communities
The similarity of fish communities in Amanos Mountain streams was found to be about 25%. The streams of the Amanos Mts can be divided into four groups with a 50% similarity of fish communities (Fig. 4) . Peri stream, which is the only stream of the CE region, is called Group 1. Group 2, composed of Ç oklu and Sazlık streams, both in IS region, display a 100% similarity in their fish fauna. Deliçay, another IS region stream, forms Group 3. Other streams in AS and IS regions form Group 4. In Group 4, the pair of streams Seldiren and Ceylandere, and the three streams Tahtaköprü, Yıldırım and Büyükoba, show 100% similarity with each other. Büyük Karaçay, Külekçi, Gönen and Yukarı Zilli (80% similarity), Aşagı Zilli, Hani, Küçük Karaçay (75% similarity), Adaçay and Arsuz (60% similarity), and Fındıklı and Ceylandere (50% similarity) are included in this group. However, the AS region streams showed similarity with the IS region streams; and the fish fauna similarity of AS region streams among themselves is greater than the similarity of fish fauna of AS region to IS region streams.
With respect to fish species, the AS and IS region were more similar than the others with a higher Jaccard's similarity coefficient (66.7%); the IS and CE regions were less similar (25.0%); and the AS and CE regions were of least concern among the groups, with low Jaccard similarity (12.5%).
Temporal variation in the fish assemblage Only samples collected from the 14 perennial streams were taken into consideration in order to indicate the temporal distribution of fish species. The Shannon diversity index was calculated as 0.65 in the summer season, while it was at 0.56, 0.54 and 0.52 in spring, autumn and winter, respectively. The high Shannon index in the summer season is affected by the IS region (Fig. 5) . Individuals of rarely encountered species like A. sellal and S. fluviatilis were caught only in the summer season.
The winter season with a relative percentage of 34.7% was the best fishing season throughout all 14 perennial streams. Autumn, summer and spring seasons followed the winter season with relative percentages of 27.5%, 22.4% and 15.5%, respectively. This figure reflects more-or-less the fish abundance of AS region streams (Fig. 5) .
Specimens of common species like C. barroisi, C. damascinus and G. rufa were caught in every season both in the AS and IS region. The samples of the endangered species A. orontis were also caught both in the AS and IS region, but in greater number in the AS region over three seasons (Fig. 5 ).
Physical and chemical parameters
Some physical and chemical parameters of streams in the three regions were summarized with standard error bars in Fig. 6 and Table 2. The pH values of the streams varied between 7 and 9 with the exception of Kavaslı stream, where it was measured as 6 in the rainy winter season. In general, the pH level of AS and IS streams was above 7.5. In particular, the mean pH level of all perennial streams was above 8 in the hot and dry summer season. CE region streams had lower pH levels than the other streams (Fig. 6) .
In general, the conductivity of both perennial and intermitted streams in the AS and IS regions were higher than that in CE region streams (Table 2 ). It is interesting that although the altitude of the sampling locations of IS region steams was the same as that of CE region streams, the conductivity levels of CE region streams were not as high as in the IS region streams (Appendix 1, Table 2, Fig. 6 ).
The perennial streams of the CE region had a low velocity compared to other streams during the year. However, the velocity of intermittent CE region streams was high in the rainy winter and spring seasons (Table 2). The high elevation of CE region streams results in rapid discharge of water into the sea.
Human impacts in the study area Industry does not seriously threaten the study area with the exception of small and medium-size enterprises draining off their waste into the Kavaslı stream. As a result, the pH of this stream was measured to be 6 and no fish were caught from this stream (Fig. 6 ). There are no villages and only an unclassified road in the CE section. Therefore, the CE region has less human population impact compared to the IS and AS regions. Recently, motorway construction has been ongoing adjacent to the sea in the CE region and the stream habitats in this vicinity are under risk of human disturbance.
Contrary to the CE region, IS and AS regions are heavily populated and residents engage in agricultural activities. The lower parts of streams in the IS and AS regions are particularly affected by agricultural aids such as pesticides and fertilizer.
The local people engage in amateur fishing in the lower parts of the streams, commonly by angling, on rare occasions using some natural plants as poison. In general, inhabitants consume all the fish contained in streams such as Yıldırım and Tahtaköprü, in particular angling for A. anguilla, C. luteus, C. barroisi and C. damascina.
Villages are close to streams such as Büyük Karaçay, Küçük Karaçay, Hanı Ç ayı, Tahtaköprü, Yıldırım, Zilli, Adaçay, Fındıklı, Külekçi, Belen and Arsuz. These streams are under human pressure. Litter and garbage, which have the most compact adverse effect caused by inhabitants and daily visitors, are apparently seen in the streambed and on the banks of, particularly, Büyük Karaçay, Küçük Karaçay, Hanı Ç ayı, Tahtaköprü, Yıldırım, Zilli (upper and lower), Adaçay, Fındıklı, and Külekçi streams which all contain abundant fish. In addition to solid waste, the sewage of Belen municipality is discharged into the Belen stream and no fish were caught there.
Discussion
The fish species in this study were not different from those recorded in previous studies of the Asi Basin (Heckel 1843; Pellegrin 1911; Gruvel 1931; Ladiges 1960; Backman 1962; Banarescu & Nalbant 1964; Krupp & Schneider 1989; Coad 1995; Yalçın 1997; Ekmekçi & Banarescu 1998; Erk'akan et al. 1999) . Recently, Yalçın (1997) recorded about 30 taxa belonging to 10 families in the Asi Basin (in this paper, the taxon of A. terrasanctae is misidentified and should be A. centisiquama, according to Dr. Menachem Goren, who is an expert on freshwater fish systematics). The number of taxa encountered in this study is low compared to published records for the fish fauna of this area because Fish community in Amanos 433 Table 2 . Seasonal variation of physicochemical characteristics of perennial and intermittent streams. the study area covers only a part of the Asi Basin, the AS region. Nonetheless, the AS part of the study area is the best area among the three landscapes in terms of fish abundance. Previous studies of the Amik plain, once containing Amik Lake which was drained in the 1970's, and which is fed by the Asi River and many irrigation and discharge channels rich in nutrients, have shown that the plain serves as a suitable habitat particularly for temperate species from the point of nursing and reproduction. Fortunately, no exotic fish were recorded in this study. On the other hand, one species, A. orontis, is listed as endangered (EN B2ab) in IUCN red data book (IUCN 2006) . The relative abundance of this species is not as low as A. sellal, C. luteus, S. fluviatilis and A. anguilla. Among them, A. sellal and C. luteus show the same distributional area as A. orontis but conservation status evaluations for these species are lacking. It is worth noting that A. anguilla and S. fluviatilis, which have a wider distributional area, were the most scarce species in this study. IUCN (2006) reported that local populations of S. fluviatilis may be threatened in local distributional areas. Further detailed research is needed in order to indicate potential threats for this species.
The relative abundance in the CE region (0.3) was extremely low compared to IS (25.8) and AS (73.8) regions. The reason for this might be related to the low number of permanently flowing streams in the CE region. The ratio of permanently flowing streams to intermittent streams was 0.33 in the CE region; the respective ratios in IS and AS regions were 0.63 and 1.75. In this study, over 80% of the sampled individuals were caught in perennial streams. In addition, the CE region presented the lowest fish species diversity. Therefore, it can be said that the hydrological regime is the primary determinant of fish abundance in the Amanos Mts. Unfortunately, studies on aridity show that this region is under risk of desertification in the future (Türkeş 1999) . The eradication of the Amik Lake and the overuse of water for irrigation have caused a decrease in the water level of the Asi River particularly in arid seasons (Yalçin-Özdilek & Solak 2007) . The aridity in this region appears to be increasing year by year (pers. comm. with residents). According to inhabitants, the number of perennial streams was much greater in previous decades than today. This unfavorable condition will possibly affect the fish abundance and diversity in the Amanos Mts in the future. Some scarce species, for example A. orontis, A. sellal, S. fluviatilis, and A. anguilla, might be at risk of disappearance. Therefore, the flow velocities of the streams should be followed regularly and effective measures should be implemented in order to sustain the fish communities in the Amanos Mts.
The recorded specimen numbers per perennial stream in the IS, CE and AS regions were 37.4, 1.5, and 83.9; and the Shannon diversity indexes of perennial streams for the three areas were computed as 0.61, 0.28, and 0.58, respectively. Furthermore, the low fish abundance and diversity in perennial streams, which flow every season, cause us to think that other properties of CE region streams, in addition to aridity, might play an important role in the low fish abundance and diversity. The low conductivity, in other words, low nutrient levels, in perennial streams might be another cause of low fish abundance and diversity. Many structural patterns such as the high gradient of streams, fluctuation in stream-flow regimes, and low drainage connectivity, might be responsible for the low nutrient levels related to low fish abundance and diversity in CE region streams. On the other hand, the lower water pH and/or interaction with chemicals may be the reason for low fish abundance and diversity in CE region streams. Investigation of the low fish abundance and diversity needs to take into consideration the habitat type's availability and historical causes.
Hauer & Lamberti (1996) stated that water temperature is one of the most important factors affecting the biological activities of fish feeding, growth and reproduction in streams. At the same time, fish species use a particular part of the river system for their biological activities in the lotic environment. Many specimens of the common fish species C. barroisi were caught in the winter season in AS region streams which are 1-4 order streams of the Asi Basin, and this species is found also in the lower part of the Asi River. The temperature was observed to be low (5.8-10.1
• C) in that season in the AS region, while it was 9.0 and 11.1
• C at the Güzelburç lower part of the Asi River in December 2002 and January 2003 , respectively (Baran 2004 . This temperature and season might coincide with a particular biological activity of the common fish species C. barroisi in the AS region because, although there is no statistical comparison, high abundance of C. barroisi was observed in the cold winter season.
Regarding water temperature, 59% of C. barroisi and 62% of A. orontis were captured at low temperatures (5.8-10.7
• C); 64% of A. sellal, 100% of C. luteus and 40% of C. damascina, were caught at medium temperatures (10.8-20.7 • C); and 54% of G. rufa, 79% of O. tigris, 56% of C. damascina, 75% of S. fluviatilis and 56% of A. anguilla were caught at high (20.8-33.2
• C) temperature intervals.
The bottom substrate is important for fish in both feeding and laying their eggs. Cote et al. (1998) recorded that S. fluviatilis was included in the threatened species list because of the extraction of pebbles from streams and construction of bends across streams in the northern Mediterranean. It was observed during this study that the bottom of Yıldırım Stream was disturbed frequently by vehicles; this stream is one of the most important streams in the Amanos Mountains in terms of fish diversity. Even if the scarcity of S. fluviatilis cannot be based only on these earthworks, it is clear that such activities damage or alter the habitat. Further studies are recommended on the biology and habitat characteristics of S. fluviatilis and other stream fish which are rarely found in the Amanos Mts. Furthermore, over-fishing activities in fish-rich streams may cause deterioration in the abundance and diversity of most common species, not only in Amanos Mountain streams, but also in other branches of the Asi River. Current legislation is ineffective as it is not based on sound data due to lack of research about the reproductive biology and habitat use of some species in that region. Moreover, existing legislation is insufficiently implemented. Pollution affects all streams near the villages in this study. However, more than direct human impact, the hydrological disturbance resulting in the conversion of many formerly perennial streams to intermittent streams is considered to be the most serious problem affecting fish species in the Amanos Mts.
